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DESCRIPTION 
J ^IQUID CRYSTAL DISPLAY DEVICE 

TECHNICAL FIELD 

[000 1] The present invention relates to a liquid crystal display 
device preferably intended for a large-sized screen, particularly to a liquid 
crystal display device in which the incidence of mechanical torsion or 
bending in each component thereof and during the assembly of its 
components or error in mounting such components is prevented, due to their 
increase in size and weight in proportion to the increase in size of the display 
screen, and thereby eliminate any adverse effect to the quality of display and 
cost reduction is achieved by using outer frames whose waste material can be 
reduced during formation. 

BACKGROUND ART 

[0002] A typical liquid crystal display device generally consists of l) 
a liquid crystal display panel that displays images, 2) an optical member 
made from the laminated body of a diffusion plate, 3) a light-collecting sheet 
material provided on the rear surface of the liquid crystal display panel, 4) a 
backlight unit disposed on the rear surface of the optical member, 5) a main 
body case that houses and holds the backlight unit, and a metal case for 
shielding the liquid crystal display panel, and the like. 

[0003] In this type of liquid crystal display device, the size and 
weight of each component constituting the device increases as the display 
screen is made larger, such that mechanical torsion or bending of each 
component and during the assembly of such components occurs, which 
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inevitably adversely affects the quality of display. Various kinds of devices 
have been suggested to solve these problems. 

[0004] For example, Japanese Patent Laid-Open No. 2002-23648 
refers to a liquid crystal display device in which a plurality of light source 
lamps such as cold cathode tubes are housed in the main body case, and the 
display panel is placed over the optical member after the optical member is 
disposed in the opening of the liquid crystal display device, and the display 
panel is encased by a frame member divided into a number of pieces, to 
prevent the display panel from being dropped or from breaking and to 
achieve cost reduction. 

[0005] However, to form larger versions of the said type of liquid 
crystal display panel, the size of its components, particularly the optical 
member and the backlight unit likewise increases, giving rise to the problem 
of improving the dimensional accuracy of components at the time of 
manufacture. In other words, it has become difficult to manufacture 
components having a high degree of dimensional accuracy, resulting in 
increased costs due to reduction in the yield of components or difficulty of 
assembly. Further, there have been cases where erroneous formulation of 
the dimensions of the backlight unit and the liquid crystal display panel 
became evident and sometimes it became impossible to find ways and means 
for the mechanical support of the liquid crystal display panel. 

[0006] Furthermore, due to its own weight or the method employed 
to support the liquid crystal display panel or the optical member, torsion or 
bending occurs during assembly of components to produce the device or even 
during use thereof, as to make illumination of the liquid crystal display 
panel uneven or cause damage thereto when external pressure, such as a 
large impact is applied. 
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[0007] Moreover, gaps between components of the assembly permit 
dirt, dust and the like to settle therein, making it difficult for users to view 
and appreciate the image displayed through the liquid crystal display panel. 
Further, still, since the degree of brightness and quality of tint of such light 
emanating from gaps between components of the assembly differ from those 
of the image, users are put to discomfort while in the process of viewing the 
image when specks of such light leak out of the panel. 

[0008] Further, larger sizes of the liquid crystal display device 
described in Japanese Patent Laid-Open No. 11(1999)- 146305 can be 
manufactured and provided with a frame that easily fits display panels of 
various dimensions. The display panel according to the said invention has a 
flat plate shape and the frame thereof consists of horizontal frames joining 
the upper and lower peripheral portions of the display panel and vertical 
frames joining the right and left peripheral portions of the display panel, 
while the horizontal frames and the vertical frames are joined together via 
corner members provided at the corner portions of the display panel. 

[0009] However, since the liquid crystal display device requires the 
presence of corner members at the joint of each frame, additional 
components are likewise necessary, and due to its complicated shape, 
production of the corner member is difficult, consequently making assembly 
of the components and wielding control thereof quite troublesome. Further, 
since the liquid crystal display panel is adhered and affixed to the frame 
using horizontal and vertical frames by means of a double-sided adhesive 
agent, there are also problems associated with adhesion and assembly as 
well as maintenance. In other words, it is impossible to assemble a 
large-sized display panel firmly. 

[00 10] Furthermore, in the liquid crystal display device described in 
Japanese Patent Laid-Open No. 11(1999)- 160681, Japanese Patent 
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Laid-Open No. ll(l999)-305205, etc., the liquid crystal display panel and the 
backlight unit are affixed together by means of a metal outer frame. 

[0011] Figs. 22 to 25 respectively illustrate the prior art, in which 
Fig. 22 is a front view of the outer frame, Fig. 23 is a plane view of the 
finished (manufactured) outer frame, Fig. 24 is a sectional view at A-Aof Fig. 
22, and Fig. 25 is a sectional view at B-B of Fig. 22. 

[0012] As shown in Fig. 22, since an outer frame 500 is formed in 
the shape of a picture frame by die-cut presswork and the like from a 
flat-shaped plate material 520 (shown in Fig. 23), where a window opening 
510 is formed at the central portion thereof, a portion 530 from which the 
window opening 510 is die-cut (also shown in Fig. 23) merely becomes waste 
material, resulting in high cost of production. 

[0013] Further, since the outer frame 500 is flat and rectangular, 
and the entire body of the display panel is integrally formed, provision for a 
clearance 550 is necessary to absorb the dimensional error in the inner 
support frame 540, to which the outer frame 500 is affixed by means of the 
screws 560. When the outer frame 500 is fastened to the inner components 
by the screws 560, portions to which the screws are fastened are deformed 
inwardly due to the clearance 550. As shown in Fig. 25, distortion likewise 
occurs in the entire outer frame 500, in that an edge portion 570 of the 
window opening 510 is vertically deformed, thereby adversely affecting the 
quality of display and the like of the liquid crystal display panel. 

[0014] The present invention aims to solve the above -described 
problems. 

[0015] The first object of the present invention is to provide a firmly 
assembled liquid crystal display device with improved display quality 
notwithstanding its increase in shape and weight relative to the enlargement 
of the display screen, by eliminating the mechanical deformation of its 
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components as well as mechanical deformation during assembly, by way of 
twist, distortion and the like 

[0016] The second object of the present invention is to provide a 
liquid crystal display device with improved display quality by closing the 
gaps formed during component assembly to prevent intrusion of foreign 
objects such as dirt and dust and to eliminate leakage of light. 

[0017] The third object of the present invention is to provide a less 
expensive liquid crystal display device by using outer frames that can be 
formed without leaving large amounts of waste material. 

DISCLOSURE OF THE INVENTION 

[0018] The above-described objects can be achieved by the following 
construction. 

[0019] Specifically, the first aspect of the present invention provides 
for a liquid crystal display device characterized in that it comprises a 
U-shaped main body case having opposing side walls and other open portions 
and a relatively wide bottom wall, a backlight unit housed in the main body, 
and an optical member made to reside on the surface of each side wall of the 
main body case while covering the backlight unit, in which the optical 
member is placed on the surface of both side walls of the main body case 
housing the backlight unit, and its outer periphery is enclosed by reinforcing 
frames joined at the corners thereof in the form of a picture frame. 

[0020] This aspect of the invention assumes that in the case of 
typical larger liquid crystal display devices, the components involved are also 
larger and heavier, such that twisting and distortion thereof and the like 
easily occur in a normal frame (which is a previously integrally formed 
frame), during vibration and the like, since the frame cannot firmly hold the 
components together, and therefore the possibility of occurrence of a large 
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slippage and the like arises in the optical member. However, the use of the 
above-described reinforcing frames makes it possible to firmly assemble the 
optical member, the backlight unit and the like to the main body case, 
despite being large and heavy. In addition, since the divided reinforcing 
frames are joined directly, providing for corner members with which to 
connect them is unnecessary. Further, even though the frame consists of a 
plurality of frames, the unit price of each component is lower while 
enhancing dimensional accuracy thereof, thereby ensuring lower cost and 
robustness. 

[0021] Further, in this aspect of the invention, it is preferable that 
the optical member has a light leakage preventive structure where the 
surface side edge of its outer periphery is covered by the reinforcing frames, 
and the joints of the reinforcing members are respectively provided with a 
light leakage preventive structure where the end portions of the reinforcing 
frames come into contact to each other. 

[0022] In addition, the gaps forming in the joints between 
components are sealed to prevent the leakage of light and the intrusion of 
foreign objects such as dirt and dust. 

[0023] Further, it is preferable that a thick and transparent 
reinforcing plate be disposed on the rear surface of the optical member. 

[0024] Further, since the transparent and thick reinforcing plate is 
provided at the opening of the main body case 3 and affixed to the reinforcing 
frames, the reinforcing plate does not become shaky, promoting robustness of 
the lighting system, and matching with the liquid crystal display panel 
becomes better. 

[0025] Further still, it is preferable that the liquid crystal display 
panel be affixed to an assembled liquid crystal display device by means of the 
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reinforcing frames and attached to the main body case by means of the outer 
frame divided into a number of frames. 

[0026] Likewise, in this aspect of the invention, by constituting the 
outer frame in the shape of a picture frame covering the periphery of the 
liquid crystal display panel, in divided frames, no gap is required to be 
provided between the outer frame and the supporting means for affixing the 
same, and thus stress-causing distortion in the outer frame will not occur 
when it is affixed to the supporting means by screws and the like. In this 
manner, any adverse effect to the quality of display of the display panel due 
to the occurrence of stress may be avoided. Further, when the outer frame 
is formed by die-cutting a plate material from metal plate material, the 
amount of waste material is drastically reduced, thereby cutting production 
cost. Additionally, when the liquid crystal display panel is constituted in 
rectangular form, different plate materials of varied sizes can be used to 
produce the upper and lower outer frames and the right and left outer 
frames, and thus the amount of waste material after die-cutting the plate 
material is reduced, and production cost can thus be scaled down further. 
Further, still, by connecting the outer frames to each other after being 
affixed to the supporting means, the outer frames and the supporting means 
are securely fixed without any clearance, as to prevent the frames from being 
deformed due to the presence of such clearance. 

[0027] Further, it is preferable to provide for a lamp-supporting 
stage for the backlight unit at the open end of the main body case and a 
middle member on the lamp -supporting stage, and to affix the optical 
member to the main body case by means of the reinforcing frames. 

[0028] Further still, it is preferable that the side walls of the main 
body case and the side walls of the middle member be made to form a 
chamber of a predetermined size by creating a periphery for each side wall, 
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housing the backlight unit in the chamber, and installing the outer periphery 
of the assembly to the reinforcing frame after providing for peripheral ends 
for the optical member on each side wall, so that the different components of 
the liquid crystal display device such as the main body case can be solidly 
constructed and the optical member can be firmly affixed to the main body 
case. In this manner, it would be possible to remove the backlight unit 
easily from the assembly without dismantling the optical member on 
purpose. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Several embodiments of the present invention will be 
described as follows with reference to the drawings. 

[0030] Fig. 1 is the external perspective view of an embodiment of 
the liquid crystal display device of the present invention. 

[0031] Fig. 2 is an exploded perspective view of Fig. 1. 

[0032] Fig. 3 is an enlarged perspective view of a corner A in Fig. 1. 

[0033] Fig. 4 is an exploded perspective view of Fig. 3. 

[0034] Fig. 5 is the external perspective view of another 
embodiment of the liquid crystal display device of the present invention. 

[0035] Fig. 6 is an exploded perspective view of Fig. 5. 

[0036] Fig. 7 is an enlarged perspective view of a corner D in Fig. 5. 

[0037] Fig. 8 is an exploded perspective view of Fig. 7. 

[0038] Fig. 9 are upper and lower sectional views of another 
embodiment of the liquid crystal display device of the present invention. 

[0039] Fig. 10 is a left sectional view of the embodiment illustrated 
in Fig. 9. 

[0040] Fig. 11 is a right side view of the embodiment illustrated in 

Fig. 9. 

-8- 

Doc#:WAS01 (212457 00013) 41565016vi;09/23/2004/Time:i6:54 



[0041] Fig. 12 is an exploded perspective view of the embodiment 
illustrated in Fig. 9 viewed from the rear surface thereof. 

[0042] Fig. 13 is a component perspective view of the embodiment 
(Fig. 12) illustrated in Fig. 9. 

[0043] Fig. 14 is an enlarged sectional view of the principal part of 
the guide portion of the embodiment illustrated in Fig. 9. 

[0044] Fig. 15 illustrates sectional views at A* A and BB of Fig. 14. 

[0045] Fig. 16 is a front view of another embodiment of the liquid 
crystal display device of the present invention. 

[0046] Fig. 17 is a perspective view of the embodiment illustrated in 

Fig. 16. 

[0047] Fig. 18 is a sectional view at CC of Fig. 16. 

[0048] Fig. 19 is an exploded perspective view of the outer frame 
illustrated in Fig. 16. 

[0049] Fig. 20 is a plane view of the process involving the 
manufacture of the outer frame shown in Fig. 16. 

[0050] Fig. 21 is also a plane view of the process involving the 
manufacture of the outer frame shown in Fig. 16. 

[0051] In the embodiment illustrated in Figs. 1 to 4, a liquid crystal 
display device 10 has a main body case 3, a backlight unit 4 housed in the 
main body case 3, an optical member 1 placed over the surface to align with 
both side edges of the main body case 3 while covering the backlight unit 4, 
such that after the optical member 1 is affixed to both of the side wall 
surfaces of the main body case 3 where the backlight unit 4 is housed, and 
reinforcing frames 2 are affixed to the periphery of the optical member 1 and 
joined at corners as if to form a picture frame, the liquid crystal display panel 
is placed over the optical member 1, and its outer periphery is encased by an 
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outer frame. Note that the liquid crystal display panel and the outer frame 
are not illustrated in the drawings. 

[0052] Each of the components such as the optical member 1, the 
reinforcing frame 2 and the main body case 3 will hereafter be described in 
detail. 

[0053] The optical member 1 comprises a light diffusion plate 11 
having substantially the same rectangular shape as the liquid crystal display 
panel and a number of light-collecting sheets 12 laminated to the upper 
surface of the light diffusion plate 11. 

[0054] The main body case 3 housing the backlight unit 4 has side 
walls 31, 31 to which both of the side edges of the optical member 1 are 
respectively placed while covering the backlight unit 4, open portions 32, 32 
and a relatively wide U-shaped bottom wall 30, and is made of metal. The 
bottom wall 30 is wide and flat, with both of its side edges substantially bent 
to 90 degrees in the longitudinal direction to form the side walls 31, 31 of a 
predetermined height, and steps 31a, 31a are formed on each side wall 31, 31 
into which the optical member 1 is placed. Further, the open ends 32, 32, on 
which the side walls 31, 31 were not formed, are extended in the longitudinal 
direction to form spaces 33, 33 to which the lamp-supporting stages 43, 43 
are installed. Note that 31b, 31b represent engaging grooves. 

[0055] The backlight unit 4 comprises a reflective plate 41 provided 
on the inner wall of the main body case 3, a plurality of light source lamps 42 
disposed in the longitudinal direction of the reflective plate 41 at 
predetermined intervals, and a pair of lamp-supporting stages 43, 43 affixed 
to the light source lamps 42 in such manner that the lamp-supporting stages 
43, 43 respectively reside on the spaces 33, 33 on both ends of the main body 
case 3. 
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[0056] The middle member 5, which is placed on the 
lamp -supporting stages 43, 43, closes the open ends 32, 32 of the main body 
case 3 and firmly installs the backlight unit 4 in the main body case 3, thus 
forming the side walls on the open ends 32, 32. The middle member 5, 
which is formed by resin molding, is substantially prismatic in shape having 
substantially the same length as those of side ends 36, 36 of the main body 
case 3. The bottom wall is designed to be placed/fixed on the 
lamp -supporting stages 43, 43 and steps 50a, 50a, on which the side wall 
edges of the optical member 1 are respectively placed and formed on an 
upper wall surface in the longitudinal direction (Fig. 4 shows the step 50a of 
one middle member), while corners 51, 51 are integrally formed on both ends. 
As shown in Fig. 4, each corner 51, 51, is a square block body slightly larger 
than the central prismatic portion, and particularly functions to ensure the 
firm attachment of the reinforcing frames 2, while protrusions 52a, 52b are 
formed on its upper surface. 

[0057] The middle member 5 constitutes a part of the side walls 
closing the open ends 32, 32 of the main body case 3. Then, the outer 
periphery of the main body case 3 is surrounded by each side wall 31, 31 and 
the middle member 5, and a chamber 30a of a predetermined size having the 
bottom wall 30 is formed. Thereafter, when the periphery of the optical 
member 1 is made to reside on the steps 31a, 31a and steps 50a, 50a of each 
side wall and encased by the reinforcing frame 2 after the backlight unit 4 is 
housed in the chamber 30a, the backlight unit 4 and the optical member 1 
are firmly installed in the main~body case 3. 

[0058] The reinforcing frame 2 comprises a pair of reinforcing 
frames 6, 6 (hereinafter referred to as the first reinforcing frames) that 
firmly encase the longer side portion of the outer periphery of the assembly, 
where the optical member 1 is placed on the main body case 3, and a pair of 

-11- 

Doc#:WAS01 (212457 00013) 415650l6vi;09/23/2004/Time:i6:54 



reinforcing frames 7, 7 (hereinafter referred to as the second reinforcing 
frames) that firmly encase the shorter side portion of the outer periphery of 
the assembly, which is formed by bending the metal plate to become 
Lrshaped. Joints 61, 71 that join reinforcing frames 6, 7 are integrally 
formed on both ends of the first and second reinforcing frames 6, 7. 

[0059] As shown in Fig. 4, the first reinforcing frame 6 is Lrshaped 
consisting of a short side 62 and a long side 63, where the short side 62 has a 
side edge 62a of such length covering a portion of the side end edge of the 
optical member 1 in its longitudinal direction during assembly. Note that a 
step 62b is formed, if necessary, on the shorter side of the outer periphery of 
the assembly to ensure contact with the side edge of the optical member 1. 
Further, the long side 63 has a length covering the side wall 31 of the main 
body case 3. 

[0060] Furthermore, as shown in Fig. 4, the joint 61 of the first 
reinforcing frame 6 comprises a cut portion 62c which is formed by partially 
cutting the tip portion of the short side 62 at the side edge, and attaching 
pieces 63a, 63b extending from the long side 63. The cut portion 62c is cut 
in such shape as to enable the installation of the joint member (described 
later) to the second reinforcing frame 7. Further, tap holes are formed in 
the attaching pieces 63a, 63b. Note that 16b represents an elastic 
insulating tape adhered to the side edge of the short side 62. 

[0061] As shown in Fig. 4, the joint 71 of the second reinforcing 
frame 7 is Lrshaped consisting of a short side 72 and a long side 73, where 
the length of the short side 72 is such that a side edge in its longitudinal 
direction covers a part of the side end edge of the optical member 1 during 
assembly. Further, the end portion of the short side 72 is formed wide, in 
which the side end of one wide piece 72a is bent so as to drop downward to 
form an attaching piece 72b. The long side 73 is of such length as to cover 
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the open end 32 of the main body case 3 and an opening 73e and a groove 73f 
are formed on the wide piece 73c. Note that 16a represents an insulating 
tape adhered to the side edge of the short side 72 as well as 16b. 

[0062] The abovementioned components are assembled in the 
following order. 

[0063] Referring to Figs. 1 to 4, the backlight unit 4 and the pair of 
lamp-supporting stages 43, 43 are installed in the main body case 3 first, and 
the middle member 5 is disposed on the lamp-supporting stages 43, 43. 
Subsequently, the edges of the long side portion of the optical member 1 are 
placed on each step 31a, 31a of both side walls of the main body case 3. 
Then, as shown in Fig. 4, the first reinforcing frame 6 is moved from the 
direction of the arrow marked "I" towards the assembly, and the attaching 
piece 63a and the wide piece 72b of the second reinforcing frame 7 are joined 
together by installing a screw 15a into the tap holes. A screw 15b is further 
screwed to the tap hole of the side edge of the main body case 3 and the 
through hole of the first reinforcing frame 6 to unite it with the latter, as 
shown in Fig. 3. 

[0064] Furthermore, the second reinforcing frame 7 is moved from 
the direction of the arrow marked "II" towards the side surface of the middle 
member 5, while the protrusion 52a is made to fit into the opening 73e, and 
the groove 73f is engaged to the protrusion 52b, and thus united with the 
middle member 5. 

[0065] In this manner, where the backlight unit 4 is housed in the 
main body case 3 and the optical member 1 is mounted thereon, the assembly 
is firmly encased by the first reinforcing frame 6 and the second reinforcing 
frame 7. Specifically, by making the middle member 5 lie between the side 
edge of the optical member 1 and the second reinforcing frame 7, the main 
body case 3, through the side wall formed by the side walls 31, 31 and the 
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middle member 5 forms the chamber 30a, which has a predetermined size 
and is surrounded by each side wall 31, 31 at its periphery and in which the 
backlight unit 4 is housed, while the periphery of the optical member 1 is 
made to reside on the steps 31a, 31a, and the steps 50a, 50a of each side wall 
and encased by the reinforcing frame 2. Accordingly, the backlight unit 4 and 
the optical member 1 are firmly affixed to the main body case 3, thereby 
enhancing stability of the liquid crystal display device during transport. 
Further, still, it is possible to dissemble the device easily without 
dismantling the backlight unit 4 and the optical member 1. 

[0066] Specifically, in this assembly, the outer periphery of the 
optical member 1 is surrounded by the side wall formed by the side walls 31, 
31 and the middle member 5, and is placed on the steps 31a, 31a and the 
steps 50a, 50a of each side wall and encased by the reinforcing frame 2. 

[0067] As shown in Fig. 18, the main body case 3 is joined with the 
first reinforcing frame 6 by a screw 15c. When the screw 15c is removed 
while the assembly is in this state, the main body case 3 can be easily 
detached from the reinforcing frame 6. Additionally, since the main body 
case 3 is attached to the reinforcing frame 7 by the same fixing means, it can 
be detached by simply disengaging the fixing means. Even if the main body 
case 3 is detached from the reinforcing frames 6, 7, the optical member 1 
remains affixed to the middle member 5 and the first and second reinforcing 
frames 6, 7, so that it would not be dismantled. Thus, by removing the main 
body case 3, the fight source lamps 42 and the like housed in the main body 
case 3 can be easily replaced. 

[0068] Although provision for the middle member is made in the 
above -described embodiment of the liquid crystal display device, it may 
actually be omitted. Further, in the liquid crystal display device integrally 
assembled, power source and image signals are supplied to the light source 

-14- 

Doc#:WAS01 (212457 00013) 4 1 5650 16vi;09/23/2004/Time: 16:54 



lamps, as well as a control circuit (not shown) and the like, and images are 
displayed on the liquid crystal display panel. 

[0069] By using the divided reinforcing frames 2, the 
above-described liquid crystal display device is capable of affixing the 
large-sized optical member, backlight unit, and the like firmly to the main 
body case 3. However, in the liquid crystal display device, there are cases 
where gaps are formed in the joints of the reinforcing frames depending on 
the structure or the quality of accuracy of the components involved, and light 
leaks from such gaps. 

[0070] Another embodiment of the liquid crystal display device of 
invention illustrated in Figs. 5 to 8 in which such gaps created at the joints of 
reinforcing frames are closed to eliminate leakage of light will be described 
hereafter. 

[0071] The structure of the liquid crystal display device 10A is 
basically the same as that of the above-described liquid crystal display device 
10 of the first embodiment but the joints of its reinforcing frames are 
constructed differently. In describing the same herein below, the same 
numerals used in referring to the particular components of the device 10 
have been adopted for the device 10A to avoid duplication of explanation. 

[0072] In Fig. 3, the areas marked as B and C indicate where gaps 
could occur at the joints of the first and second reinforcing frames 6, 7. 
Since the other end portion, that is the edge of the peripheral end of the 
optical member 1 is placed and fixed on the side wall of the main body case 3 
and the steps 31a, 31a and steps 50a, 50a of the middle member and is 
covered by the edges of the side end of the reinforcing frames 6, 7, gaps 
causing leakage of light do not form. In other words, to close the gaps 
forming in the B and C areas, the joints are made to form a closed structure. 
Although B and C areas exist at each corner of the assembly, only the area of 
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one corner D in the liquid crystal display device 10A shown in Fig. 5 will be 
described. The closed structure at each junction 61, 71 is formed in the 
following manner. 

[0073] The embodiment of the liquid crystal display device of the 
invention illustrated in Fig. 4 is such that the tip portion of the short side 62 
of the reinforcing frame 6 is cut all the way to the middle in order to 
accommodate the wide piece 72a of the second reinforcing frame 7 on the 
shorter side of the outer periphery of the assembly. In the embodiment of 
the liquid crystal display device of invention illustrated in Fig. 8, however, 
the short side 62 is extended without cutting its tip portion all the way to the 
middle such that the end portions of the side edge 62a and the step 62b come 
into contact with the side edge of the short side 72 of the second reinforcing 
frame 7 during assembly. By extending the side edge 62a and the step 62b 
in such manner, the side edge of the optical member 1 is consequently 
covered by the extended side edge 62a' and the step 62b, as shown in the area 
marked "E" in Fig. 7. Further, the cut portion 62c for receiving wide pieces 
72a', 72b' of the second reinforcing frame 7 during assembly is formed on the 
short side 62. 

[0074] On the other hand, in the second reinforcing frame 7 of the 
embodiment of the liquid crystal display device of the invention illustrated in 
Fig. 8, the wide piece 72a' is narrower (compared to the wide piece 72a of Fig. 
4) so as to be inserted in the now narrower cut portion 62c after the side edge 
62a' was formed, while the wide piece 72b' is now wider than the wide piece 
72b of Fig. 4. The wider piece 72b' covers the gap with the reinforcing frame 
6 at the joint when they are joined, so that light leakage can be also 
prevented as shown in the area marked "F" in Fig. 7. 

[0075] In another embodiment of the liquid crystal display device of 
the invention shown in Figs. 9 to 15, a reinforcing plate is further annexed to 

-16- 

Doc#:WAS01 (2 12457 000 13) 41565016vi;09/23/2004/Time:i6:54 



affix the liquid crystal display panel, the optical member and the like firmly 
to the main body case, and the occurrence of distortion and bending is 
eliminated. 

[0076] Since the constitution of the liquid crystal display device 10B 
differs from that of the liquid crystal display device 10 only with respect to 
the structure of the liquid crystal display panel and the optical member but 
is substantially similar thereto in other respects, supplemental explanation 
will be provided only for such differences. In describing the same herein 
below, the same numerals used in referring to the particular components of 
the device 10 have been adopted for the device 10B to avoid duplication of 
explanation. 

[0077] The liquid crystal display device 10B has a main body case 3, 
a backlight unit 4 housed in the main body case 3, and an optical member 1 
placed on the edges of both sides of the main body case 3 while covering the 
backlight unit 4, and where the optical member 1 is placed on the surface of 
both side walls of the main body case 3 in which the backlight unit 4 is 
housed, and reinforcing frames 6 and 7 are affixed to the outer periphery of 
the optical member 1 and joined at corners to form a picture frame, and 
furthermore, a liquid crystal display panel L is placed over the optical 
member 1, and its outer periphery is encased by an outer frame, as shown in 
Figs. 9, 12 and 13. 

[0078] The main body case 3 has an opening for fight irradiating 
from the light source lamps arrayed in large numbers to the liquid crystal 
display panel L (note that the said opening is represented by the upper 
opening of the chamber 30a, and will be referred to as the "Opening 30a" 
hereinafter), and is designed to house and support the backlight unit 4. 
Although the main body case 3 may be of such shape as to permit the joining 
of the upper and lower frame-shaped components at predetermined intervals, 
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or boat-shaped without a bottom, it is preferable that the opening 30a be 
approximately square in shape relative to the liquid crystal display panel L. 
Further, the main body case 3 may be formed either by way of resin molding 
or metal processing. 

[0079] Three pieces of lens sheet and one piece of light diffusion 
plate are laminated onto the optical member 1 attached to the opening 30a of 
the main body case 3. The lens sheet may either be a milk-white sheet or a 
light-diffusing-material-kneaded sheet. In either case, the sheet should be 
capable of diffusing light to the extent that the position of the backlight unit 
4 cannot be observed and identified from the top as having intense light. 
Note that the rear surface of the main body case 3 in this embodiment is 
open, which open portion is closed by means of a rear lid 38. It should be 
also noted that the rear lid 38 may be integrally formed with the bottom wall 
of the main body case 3 such that the open portion need not be closed by 
means of the rear lid 38. Further, a bar or a frame for holding the light 
source lamps in the main body case 3, and a holding portion for the optical 
member 1 may be constituted as different components, or the main body case 
3 may be constituted by a plurality of components. 

[0080] Further, a transparent and thick reinforcing plate 8 is 
provided on the inside of the optical member 1 for the opening 30a of the 
main body case 3 so as to oppose the liquid crystal display panel L. The 
reinforcing plate 8 is made of transparent acrylic resin plate or the like of low 
reflectance grade and is shaped as to fit into the opening 30a. Since the 
reinforcing plate 8 is arranged in such manner as to oppose the liquid crystal 
display panel L, it can protect the display panel L from the adverse effect of 
external load and at the same time suppress flickering of the display screen 
due to vibration or impact. 
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[0081] Referring to Figs. 12 and 13, reference numerals 6 and 7 
represent the reinforcing frames for fastening the reinforcing plate 8 and the 
optical member 1 placed on the reinforcing plate 8 to the main body case 3 
which is made of metal. The upper and lower reinforcing frames consist of a 
pair of reinforcing frames 6, 6, and both ends thereof are provided with joints 
and turn-back steps for supporting/fixing the optical member 1 and the 
reinforcing plate 8, which are designed to press against the main body case 3 
to prevent the reinforcing plate 8 from shaking. An elastic tongue piece is 
preferably provided at the bottom as fixing means, but such means may be of 
such shape as to sandwich the reinforcing plate 8. Further, fixing means 
may also be provided for the right and left reinforcing frames 7, 7. With this 
constitution, the reinforcing plate 8 and the reinforcing frames 6, 7 can make 
the light source unit 4 robust and reduce the occurrence of distortion and 
bending of the liquid crystal display device. Furthermore, reference 
numerals 37a, 37a represent rear frames, while reference numeral 38 refers 
to the rear lid. It is further preferable to provide reflective films 41a, 41b 
inside the rear lid 38 or between the side surface and the rear surface of the 
main body case 3. As described, by constituting a number of frames, more 
preferably, by each bar, it is possible to improve the dimensional accuracy of 
each component and reduce production cost even when assembly man-hours 
is taken in consideration. 

[0082] Further, referring to Figs. 14 and 15, reference code G 
represents an operating guide for the liquid crystal display panel L residing 
in the peripheral area of the opening 30a of the main body case 3, and it is 
intended to be operated smoothly by forming a through hole for fastening a 
screw of an approximately elliptical shape or by making the screw flat. 
Thus, the liquid crystal display panel L can be securely fixed with a large 
clearance even if its dimensions are modified. As such, an upper guide G 
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may be constituted, for example, by an elastic body, to press and fix the liquid 
crystal display panel L. 

[0083] The advantages of providing for the transparent and thick 
reinforcing plate in the opening 30a being fastened by the reinforcing frames 
are such that the reinforcing plate 8 is not easily shaken, the lighting system 
becomes robust, and matching with the liquid crystal display panel L 
becomes better. Furthermore, by constituting a plurality of frames, the unit 
price of each component is reduced while improving its dimensional accuracy, 
thereby entailing lower production cost. Additionally, since the guide of the 
liquid crystal display panel is provided in the peripheral area of the opening 
30a in such manner as to be capable of sliding when operated, it can firmly 
support the glass substrate of the display device even if its size varies. 

[0084] Although omitted in their explanatory drawings, after the 
liquid crystal display devices 10, 10A and 10B are assembled as described in 
the preceding paragraphs, the liquid crystal display panel is placed on the 
optical member and its outer periphery is encased by the outer frames. 

[0085] Another embodiment of the liquid crystal display device of 
the invention is illustrated in Figs. 16 to 21, which refers to a liquid crystal 
display device 10C equipped with outer frames which are manufactured 
without leaving substantial amounts of waste material. 

[0086] The liquid crystal display device 10C consists of a main body 
case 3, an optical member 1 placed on the side walls of the main body case 3 
while covering the opening 30a of the main body case 3, and a liquid crystal 
display panel L placed on the optical member 1 as shown in Fig. 18. The 
structural formation of the main body case 3, the optical member 1 and the 
liquid crystal display panel L of the liquid crystal display device 10C is 
similar to that of liquid crystal display devices 10, 10a and 10B and therefore 
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supplemental description will be provided only for the components which 
distinguish it from the latter. 

[0087] In the case of the liquid crystal display device 10C, a number 
of light-collecting sheets 12 made from transparent resin such as acrylic and 
polycarbonate are laminated on the front face of the light diffusion plate 11 of 
the optical member 1 with a thickness of about 2 to 3mm. Further, the 
liquid crystal display panel L is relatively large-sized and oblong in shape, 
with a diameter of 15-inches or more, for example, and is formed either as an 
STN liquid crystal display panel or a TFT liquid crystal display panel, both 
of which are suitable for a large screen. 

[0088] Referring to Fig. 18, reference numeral 3 refers to the bottom 
portion of a box-shaped case, where the light-collecting sheets such as the 
light diffusion plate 11 and the like are arranged on the opening 30a, the 
reinforcing frame 6 consisting of sheet metal bent to be approximately 
L-shaped is fastened to the side wall 31b, which is integrally and outwardly 
formed by bending the rim of the opening 30a by means of the screw 15c, the 
side edge of the reinforcing frame 6 and the side wall 31b fasten the 
light-collecting sheets to the opening 30a, and the liquid crystal display 
panel L is placed on the front face of the side edge of the reinforcing frame 6, 
thereby constituting the supporting means mainly for the main body case 3 
and the reinforcing frame 6. 

[0089] Referring to Fig. 19, reference numeral 100 represents the 
outer frame made from the molded component of a metal thin plate, which 
encases the periphery of the liquid crystal display panel L. The outer frame 
is formed in the shape of a picture frame by connecting a pair of long-sided 
frames 100a, 100a encasing the upper and lower periphery of the liquid 
crystal display panel L to a pair of short-sided frames 100b, 100b encasing 
the right and left periphery of the liquid crystal display panel L. 
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[0090] By fastening the upper surface portions 110a, 110a of the 
long-sided frames 100a, 100a and the upper surface portions 110b, 110b of 
the short-sided frames 100b, 100b by means of screws 15e to the side walls 
formed by cutting and bending the side edge of the reinforcing frames 6 and 
the reinforcing frames 7 (in the manner described above by reference to Fig. 
4), the liquid crystal display panel L is fixed between the corresponding 
upper surface portions of the side edge 62a of the reinforcing frames 6, and 
the short side 72 of the reinforcing frames 7. Further, the side surface 
portions 140a, 140a of the long-sided frames 100a, 100a and the side surface 
portions 140b, 140b of the short-sided frames 100b, 100b are fastened to the 
sides of the reinforcing frames 6 and the reinforcing frames 7 by means of 
screws 15d. 

[0091] Further, as shown in Fig. 19, connecting pieces 170 are 
integrally formed by bending each end of the long-sided frames 100a, 100a 
and the short-sided frames 100b, 100b, and a pair of screw holes 180 are 
severally formed to accommodate the connecting pieces 170. Note that the 
number and the array direction of the screw holes 180 is not restricted as 
provided for in the above-described embodiment, but the number may be one 
or three or more. 

[0092] Further, a so-called direct type of lamp chamber is formed 
inside the main body case 3 housing a plurality of linear light source lamps 
42 consisting of cold cathode fluorescent tubes, hot cathode fluorescent tubes 
and the like, and the reflective plate 41 is installed on the inner surface of 
the main body case 3. 

[0093] Consequently, when assembling the liquid crystal display 
panel L, the light-collecting sheet, such as the light diffusion plate 11 is 
placed on the opening 30a after the reflective plate 41 and the lamps 42 are 
installed in the main body case 3, and the reinforcing frames 6 and the 
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reinforcing frames 7 are fastened to the side walls of the main body case 3 so 
as to press the sheets. Then, the liquid crystal display panel L is placed on 
the reinforcing frames 6 and the reinforcing frames 7, the side surface 
portions 140a, 140a of the long-sided frames 100a, 100a and the side surface 
portions 140b, 140b of the short-sided frames 100b, 100b are fastened to the 
reinforcing frames 6 and the reinforcing frames 7 by means of screws so as to 
secure them, and the upper surface portions 110a, 110a of the long-sided 
frames and the upper surface portions 110b, 110b of the short-sided frames 
are fastened to the reinforcing frames 6 and the reinforcing frames 7 by 
means of screws in the same manner, the liquid crystal display panel L is 
thereby installed, while the connecting pieces of the long-sided frames 100a, 
100a and the short-sided frames 100b, 100b are fastened by means of screws 
on the screw holes 180, and they are connected with each other at corners. 

[0094] Note that the liquid crystal display device 10C is constituted 
such that the connecting pieces 170 are fastened by screws in front, so that 
no gap is created between the long-sided frames 100a, 100a and the 
short-sided frames 100b, 100b and the supporting means such as the 
reinforcing frames 7, and the screws can be easily fastened. Further, when 
the screw holes 180 are made slightly larger, it is possible to adjust the 
connection state of the long-sided frames 100a, 100a and the short-sided 
frames 100b, 100b to correct any dimensional error in forming them, and the 
deformation of each frame 100a, 100a, 100b, 100b due to any such 
dimensional error can be effectively prevented. 

[0095] The liquid crystal display device 10C, does not require the 
provision of gaps for absorbing any dimensional error between the periphery 
of the reinforcing frames 6 and the reinforcing frames 7, which are the 
supporting means, and the corresponding side surface portions 140a, 140a, 
140b, 140b of the long-sided frames 100a, 100a and the short-sided frames 
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100b, 100b. Even if screws are used to fasten them, the long-sided frames 
100a, 100a or the short-sided frames 100b, 100b are not deformed, there 
being no stress applied on both sets of frames, since the fastened portions of 
each frame 100a, 100a, 100b, 100b are deformed inwardly. Accordingly, 
there is no adverse effect to the quality of display of the liquid crystal display 
panel L occasioned by stress and the dimensional accuracy thereof is thereby 
improved. 

[0096] On the other hand, in making the long-sided frames 100a, 
100a and the short-sided frames 100b, 100b, flat-plate -shaped metal plate 
materials 220 and 230 having dimensions suitable for die-cutting are 
prepared in the manner shown in Figs. 20 and 21, for example, and the 
frames are die-cut and formed at intervals by presswork and the like. In 
this manner, waste material portions marked by slant lines 240, 250 are 
drastically reduced, and lower production cost by reducing the cost of 
material can be achieved. 

[0097] Note that the amount of material and array of each frame 
100a, 100a, 100b, 100b are not limited to those shown in Figs. 20 and 21, but 
the long-sided frames 100a, 100a and the short-sided frames 100b, 100b may 
be arrayed vertically and horizontally, for example, and may therefore be 
constituted by die-cutting from one plate material. 
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